Non-alcoholic fatty liver disease (NAFLD) refers to a spectrum of disorders from simple hepatic steatosis to nonalcoholic steatohepatitis (NASH), steatohepatitis with inflammation and fibrosis, which can progress to cirrhosis, and hepatocellular carcinoma. NAFLD is the most common cause of abnormal liver function tests. The prevalence of NAFLD is approximately between 10 and 30% of the general population in various countries and considered to be increasing [1] [2] [3] . Previous studies have shown that NAFLD is strongly associated with obesity, type 2 diabetes mellitus, dyslipidemia and insulin resistance, which are all features of the metabolic syndrome [4, 5] . Accordingly, NAFLD is considered the hepatic manifestation of the metabolic syndrome [6, 7] . The metabolic syndrome is a risk factor for the development of cardiovascular disease and a predictor of type 2 diabetes mellitus [8] [9] [10] . A large number of studies have demonstrated that metabolic syndrome apparently associates with cardiovascular disease [11] . In view of several lines of evidence, NAFLD would relate to cardiovascular disease and might play a role in the development of atherosclerosis.
Recently, the importance of the association between NAFLD and cardiovascular disease has been focused, and several studies have revealed that NAFLD is related to carotid artery intima-media thickness (IMT), a marker of subclinical atherosclerosis, independent of insulin resistance, metabolic syndrome components, and the traditional risk factors for cardiovascular disease [12, 13] . Carotid IMT, as measured noninvasively by ultrasonography, is directly associated with increased risk of cardiovascular disease. In addition, carotid IMT has been shown to be an independent predictor of cardiovascular disease after adjustment for traditional risk factors, and the only noninvasive imaging test recommended by the American Heart Association for inclusion in the evaluation of risk [14, 15] . Brea et al. [12] reported that patients with NAFLD have significantly greater carotid IMT than age and sex matched patients without NAFLD, independent of the classical risk factor of the metabolic syndrome, in a hospital-based casecontrol study. NAFLD is suggested to be a strong risk factor for carotid atherosclerosis beyond its association with metabolic syndrome. Furthermore, Targher et al. [16] showed that NAFLD is independently associated with an increased incidence of cardiovascular events in type 2 diabetic patients. Interestingly, the severity of liver histopathology among NAFLD patients is strongly associated with early carotid atherosclerosis, independent of classical risk factors and the presence of metabolic syndrome [17] . The relation between NAFLD and carotid IMT was investigated by several hospital-based or population-based case control studies [18] . However, some studies examined the association in a small population, or utilized mainly diabetic individuals, although a German study investigated a random large population sample [19] .
In this issue of the Journal of Gastroenterology, Carallo et al. [20] studied a large population mainly consisting of nondiabetic patients but with cardiovascular or metabolic risk factors in a hospital-based case-control study, and demonstrated that hepatic steatosis was associated with cardio atherosclerosis, independent of metabolic syndrome, cardiovascular diseases, diabetes mellitus, and/or insulin resistance, as well as previous reports in diabetic patients.
In addition, their study, the STEATO study, also showed that HOMA index was not associated with carotid atherosclerosis despite of the association between the metabolic syndrome and carotid atherosclerosis, and carotid atherosclerosis was not associated with aspartate aminotransferase (AST) and alanine aminotransferase (ALT) but with gamma-glutamyl transpeptidase (GGT).
Serum ALT levels are a serological marker of liver inflammation or injury, and serum GGT levels are a diagnostic tool for hepatobiliary disorder and alcohol intake. In general, ALT is insensitive for the detection of NAFLD and cannot be reliably used to exclude the presence of advanced liver disease, because ALT may be normal in up to 78% of patients with NAFLD and the histological spectrum of disease may be present among patients with normal ALT levels, while GGT levels may be above the normal range in some patients with NAFLD [4] . Several previous studies demonstrated that GGT levels, even when within the normal range, correlate with the presence of several components of the metabolic syndrome [21] . Recently, ALT and GGT have received considerable attention because several studies have suggested that elevated serum ALT and GGT increases the risk of carotid atherosclerosis in patients with NAFLD and might serve as a surrogate marker of cardiovascular risk and metabolic syndrome. In particular, a number of studies support the importance of GGT with regard to the association with cardiovascular disease since GGT has a stronger, more specific association with metabolic syndrome and atherosclerosis than ALT. The STEATO study showed that the prevalence of subjects with hepatic steatosis and normal level of aminotransferases, i.e., ALT and AST was almost 60% and concluded that transaminase activity might not predict cardiovascular disease. In contrast, several investigators have shown that serum GGT activity predicts future development of not only metabolic syndrome but also cardiovascular disease [22] . However, serum GGT levels cannot predict increased risk of cardiovascular disease in every study. A recent large population-based cohort study indicated that elevated GGT was associated with mortality from all causes, liver disease, and diabetes, but not from cardiovascular disease, while ALT was not associated with all-cause mortality but only with liver disease mortality [23] . Further large cohort studies with long-term follow up will be necessary to determine the impact of GGT on the mortality from cardiovascular disease in patients with NAFLD.
NAFLD is the most common cause of liver disease not only in adults but also in children. Recently, Pacifico et al. [24] investigated obese children to assess whether NAFLD in children is associated with increased carotid IMT. Surprisingly, obese children with NAFLD had significantly increased carotid IMT compared to obese children without liver involvement and control children. It is important to note that NAFLD is strongly associated with carotid atherosclerosis even in childhood. Schwimmer et al. [25] performed a case control study in a large clinical sample of obese children and adolescents with and without NAFLD and showed that in obese children, NAFLD is strongly associated with multiple cardiovascular risk factors. They suggested that the identification of NAFLD in a child should prompt consideration of cardiovascular health, and the therapeutic goals for NAFLD should include not only the prevention of end-stage liver disease but also cardiovascular disease and diabetes. On the basis of this evidence, some investigators speculated that fatty liver is a risk factor for early onset of atherosclerosis that may progress in adulthood [3] .
NAFLD, another feature of the metabolic syndrome, is associated with increased cardiovascular disease risk, independent of the metabolic syndrome components and traditional risk factors of atherosclerosis. Although the exact mechanism by which NAFLD contributes to the risk of atherosclerosis remains obscure, several hypotheses have been proposed [3, 12] . Some researchers have assumed that NAFLD and atherosclerosis might share common mediators, while others have hypothesized that NAFLD itself might play an important role in the progression of atherosclerosis. Another possibility is that NAFLD might contribute to increased insulin resistance and dyslipidemia or reduced levels of adiponectin so that atherosclerosis might be accelerated. Another possible mechanism is that increased oxidative stress and underlying inflammation might have an effect on the association between NAFLD and atherosclerosis [26, 27] . Further investigations are needed to clarify the mechanism to explain the association between NAFLD and atherosclerosis.
Finally, NAFLD is a strong risk factor for carotid atherosclerosis beyond its association with metabolic syndrome. It is important to note that the detection of hepatic steatosis should alert us to the possible existence of underlying cardiovascular risk factors and therapeutic goals for NAFLD should include the prevention of cardiovascular disease as well as the prevention of advanced liver disease.
